The benchmark Problem 2 in Category 3 of the Third Computational Aero-Acoustics (CAA) Workshop is solved using the space-time conservation element and solution element (CE/SE) method. This problem concerns the unsteady response of an isolated finite-span swept flat-plate airfoil bounded by two parallel walls to an incident gust. The acoustic field generated by the interaction of the gust with the flat-plate airfoil is computed by solving the 3D Euler equations in the time domain using a parallel version of a 3D CE/SE solver. The effect of the gust orientation on the far-field directivity is studied. Numerical solutions axe presented and compared with analytical solutions, showing a reasonable agreement.
where V is the specific heat ratio and assumed to be 1.4.
The incident gust carried by the mean flow has x, y, and z velocity components given by
respectively, where vG = 0.05 and kx = 5.5, kz = 3.6m, with m = 0, 1, 2, and w = Mokx, respectively.
The corresponding period of the gust wave is T = 21r/w. It is assumed that the gust is "frozen" and convected by the uniform mean flow. Thus the gust satisfies the linearized Euler equations.
This implies that pr = pr = 0.
The gust is convected by the mean flow and interacts with the swept flat-plate airfoil. Thus, acoustic waves are generated which propagate both upstream and downstream. Let (u*, v*, w*, p*, p') represent the unsteady solution due to the propagating acoustic waves, and define _=_2+u*, _=O+v*, _b=_+w*,
which represent the mean flow and the acoustic waves. Thus, we have
where (u,v,w,p, p) is the solution of the total flowfield, including the mean flow, the gust, and the acoustic waves.
In the current computation, the mean flow and the acoustic waves (_, _),_, 15,fi)
are computed by solving the nonlinear Euler equations. 
where (nx, n_, nz) is any unit vector normal to the wail/airfoil surface at the point under consideration.
On the symmetric plane at y = 0, the anti-symmetric condition is used for the solution of the acoustic waves as follows:
No grid points are located at the flat-plate airfoil leading and trailing edges, in order to avoid the singular flow behavior.
Numerical Results and Discussion
A structured 281x71x41 hexahedrai grid is generated by using an algebraic transformation in the computational domain of -7 < x < 7, 0 < y < 7, and 0 < z < h first. A slice of the grid in x-z planes is shown in Fig. 2 The time history of the acoustic pressure at point (-5,0, h/2), which is located at the upstream on the specified circle, is shown in Fig. 3 for the three different values of m. It can be seen that (i) the solution is fully converged by t = 50T for m = 0; (ii) a slight variation in the maximum absolute value of the acoustic pressure is still observed for m = 1 and 2; and (iii) the absolute amplitude of the acoustic pressure at the upstream decreases when the value of m increases.
The solution convergence is also checked by comparing the RMS acoustic pressure on the specified circle at t = 40T and t = 50T, which shows to be identical.
The computed result of the RMS acoustic pressure on the specified circle normalized by the maximum RMS pressure value at m = 0 is plotted in Fig.   4 However, a larger domain involves extensive mesh points and the computational cost is too expensive.
The parallel 3D CE/SE code was run on Origin2000 clusters. For a mesh of 4704000 cells, it takes around 35 hrs of wall-clock time to reach t = 50T (16800 time iterations) using 32 CPUs.
Conclusion
The 
